
Form Approved
09FDORT DOCUMENTATION PAGE OMB No. 0704-0188

o arage 1 hour per response. Including the time for reviewing Instructions. searching existing data sources. gathering and
Ion of Informnation Send comments regarding this burden estimate or any other asnect of this coltection 0 irnration. tncuding
,ices. Directc .-.. ,r Information Operations and Reports. 1215 Jefferson Davis Highway. Suite 1204. Arlington. VA 22202-4302,Aroject (0704-0188). Washington. DC 20503

December 1991 professional paper

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

VERTICAL NPN BIPOLAR JUNCTION TRANSISTORS FABRICATED PR: WM23
IN SILICON-ON-SAPPHIRE WU: DN307356

6. AUTHOR(S) PE: OMN

E. 1". Cartagena, B. W. Offord, and H. Walker
7. PERFORMING ORGANIZATION NAME(S) AND ADORESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

Naval Ocean Systems Center
San Diego, CA 92152-5000

9. SPONSORINGIMONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORINGIMONITORING
Strategic Systems Project Offices AGENCY REPORT NUMBER

Washington, DC 20360AA

11I. SUPPLEMENTARY NOTES

12a. DISTRIBUTnON/AVALABILTY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT 01,1naxim 200 words)

Previous attempts at fabricating vertical bipolar junction transistors (BJTs) on Silicon-on-Sapphire (SOS) have
produced transistors with low Early voltages, high leakage currents and low current gain. These problems were attributed
high density of microtwin and stacking fault defects at the surface of the silicon which caused enhanced diffusion of the
emitter dopant across the base to the collector resulting in emitter-collector diffusion pipes. By utilizing the Double Solid
Phase Epitaxy (DSPE) process and limiting the furnace anneals for the base, emitter and collector dopants the effect of
emitter-collector shorts on device performance can be reduced. Vertical NPN bipolar junction transistors were fabricated on
DSPE improved SOS using conventional furnace anneals. Transistors with an effective itter area of 40 square microns
were measured for current gain (PiJand Early voltage (VA). Functional devices with (PD391values of up to 70, VA values of
40 volts and fTvalues of 2.4 Gigahertz were recorded.

-.,... "92-018619 f 2 1 22 0 9 5ll~lllllllll

Published in the IEEE International Proceedings of S01 Conference, October, 1991.

14. SUBJECT TERMS 15. NUMBER OF PAGES

design analysis charged coupled devices (CCD)
Star 927 1. PRrECOoDE

17. SECURITY CLASSIFCATION 18. .CUP.m' CLASSIFCAT 19. SECURITY CLASSIFICATION 20. UMITATION OF ABSTRACT
OF REPORT OF 'HIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAME AS REPORT

NMN 754"11-20-5M Standard fore 208



* UWLASSIFIED

2 Ia. NAME OF RESPONSIBLE INDIVIDUAL 21b TELEPHONE (-Jcude Area COde) 21 c OFFICE SYMBOL

E. N. Cartagena (6 19) 553-5501 Code 554

NSN 754001-290600 stwxd form me

UNCLASSIFIED



VERTICAL NPN BIPOLAR JUNCTION TRANSISTORS
FABRICATED IN SILICON-ON-SAPPHIRE

E. N. Cartagena, B. W. Offord and H. Walker
Naval Ocean Systems Center, Solid State Electronics Division,
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Previous attempts at fabricating vertical bipolar junction transistors (BJT's) on Silicon-on-
Sapphire (SOS) have produced transistors with low Early voltages, high leakage currents and low
current gain 1. These problems were attributed high density of microtwin and stacking fault defects
at the surface of the silicon which caused enhanced diffusion of the emitter dopant across the base
to the collector resulting in emitter-collector diffusion pipes. By utilizing the Double Solid Phase
Epitaxy (DSPE)2 process and limiting the furnace anneals for the base, emitter and collector dopants
the effect of emitter-collector shorts on device performance can be reduced. Vertical NPN bipolar
junction transistors were fabricated on DSPE improved SOS using conventional furnace anneals.
Transistors with an effective emitter area of 40 square microns were measured for current gain (RDC)
and Early voltage (VA). Functional devices with PDC values of up to 70, VA values of 40 volts and
fT values of 2.4 Gigahertz were recorded.

A thin SOS film (0.27 micron) was regrowo with the DSPE process to reduce the microtwin
defect concentration. This improved film was implanted with phosphorus and annealed. Further
epitaxial deposition resulted in a structure with a low resistance buried layer with thickness ranging
from 2.5 to 10 microns. Standard bipolar processing was adhered to in subsequent steps with the
intrinsic base, extrinsic base, and emitter all formed by ion implantation. Three different base
dosages were used in this process with base widths varying from 0.25 micron to 0.40 micron. Table
I summarizes the variations of processing performed in this particular lot of wafers along with the
associated RDC values that were obtained. All furnace anneals subsequent to epitaxy deposition was
limited to 950* C to minimize junction leakage from the formation of emitter-collector pipes
prevalent in BJT's formed in unimproved SOS.

WAFER EPI THICKNESS BASE IMPLANT PDC
I.D. (micron) (@ 100KeV)

1 2.60 5E12 74
2 2.56 IE13 40
4 3.61 5E12 60
5 3.63 IE13 35
6 3.58 2E13 23
7 4.85 5E12 63
8 4.83 IE13 34
11 10.18 IE13 26
12 10.16 2E13 15

Table I
Process variations for vertical bipolar junction transistors fabricated in DSPE
improved SOS material.

A common emitter characteristic curve for a BJT fabricated in DSPE improved SOS is shown
in Figure 1. It can be seen from this sample that the effects of enhanced diffusion along dislocations
causing emitter-collector shorts is minimized by utilizing the DSPE process prior to epitaxy
deposition. A similar wafer that had not received the DSPE improvement process exhibited poor
common emitter characteristics and showed no modulation of collector current with variations in the
base-emitter voltage. A plot of Early voltage vs. epitaxy thickness is shown in Figure 2 for 4 samples
that went through the DSPE process with the same base implant values. In all cases the extracted



Early voltage is significantly higher than that of a corresponding unimproved sample which had an
Early voltage less than I volt. However, it can be seen that as the film thickness is reduced from 3.6
microns to 2.56 microns the Early voltage decreases from 13 volts to 10 volts implying an increase in
defects within the emitter area. Above the 3.6 micron thickness the Early voltage changes very little,
i.e. at 10 microns the Early voltage is 14 volts. This is consistent with higher residual twinning defect
concentration closer to the silicon-sapphire interface.
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Figure 1 Common emitter curves for a BJT Figure 2 Early Voltage (VA) vs. epi thickness
fabricated on SOS with an effective emitter variations.
area of 40 square microns. lb steps of 1 pA.
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